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Abstract 

Wireless Capsule Endoscopy (WCE) has proven to be an effective modern age video technology which is used by the 
physician in the diagnosis of human Gastrointestinal disease. Since, manual review of WCE images is time consuming and tedious 
task, computerized bleeding detection algorithm have become the need of hour to examine the images in time bound manner and 
accurately. In the field of computer vision texture feature extraction method have been used extensively to extract features of medical 
images. Local Binary Pattern (LBP) is one of the most commonly used method for extracting the texture feature for analyzing the 
medical image. In the present work, the texture feature of the medical images of gastrointestinal tract have been extracted using Local 
Binary Pattern. The resulting texture features are sent to Support Vector Machine (SVM) for image frame classification. The results 
obtained by the present method reveals that the method is able to categorize the images as bleeding and non- bleeding accurately. 

 
Keywords: Gastrointestinal Tract, Local Binary Pattern, Support Vector Machine, Texture classification, Wireless Capsule 
Endoscopy. 
 
Introduction 

WCE being a non-invasive technique is capable to examine the anomalies in internal parts of small intestine without sedation. 
WCE capsule equipped with a camera, is a miniature device which is swallowed by a patient, it passes through the GI tract. Images of 
the internal organ of the GI tract are transmitted to a data recorder worn by the patient. Around fifty to sixty thousand images, which is 
significantly large amount, are transmitted as capsule operates for roughly eight hours. It becomes difficult to access and manage the 
records frequently as the WCE capsule takes two picture per second, creating thousands of images.  

 
It becomes an extremely time-consuming process for a physician to examine large number of images created during WCE 

process.  Moreover, there is always a possibility of missing some miniscule abnormality even by an experienced physician. Therefore, 
the inspection of images in an expensive part of WCE. Thus, most of the research works are focused at developing reliable algorithm, 
which automatically analyze all the images taken during WCE and identifies images containing abnormalities. In this way, a physician 
is able to concentrate on relevant images only and saving the time. 

 
Numerous amounts of research work are being done for developing algorithms to analyse medical images containing 

abnormalities. Texture analysis is an important tool to analyse a medical image. The structural arrangement information of image 
surfaces and the relationship to the surrounding environment is given by the Texture. A unique different texture pattern is seen in GI 
tract, in the possible bleeding region. The accuracy of bleeding detection method depends on the characteristic of the extracted texture 
feature. 

 
Literature Review 

Local binary pattern for calculating texture features was introduced by Ojala [1] in 1996. The method was based upon analysis of 
the images by the pattern of LBP histograms. Another method proposed by Mekha and Gopi [2] discriminates bleeding and non-
bleeding images using Local Binary Pattern (LBP) and Contourlet transform. Color features along with texture features were used by 
Baopu Li and Max Q.-H. Meng [3] to analyze the GI images. The method used Chrominance moment and uniform local binary pattern 
to detect bleeding in GE images. 

 
Konstantin Pogorelov along with Shipra Suman [4] developed a method using color feature and texture feature to detect 

bleeding images in GI tract. The authors have detected image frames with bleeding using color features. Machine learning based 
classification is used for segmentation at pixel‐level for images containing bleeding region. In order to reduce the number of image 
frames to be examined by the physician a method was developed by Adriana Florentina, Mihaela [5]. The method is based upon a 
software application of   local binary pattern (LBP) operator.  Non informative frames are removed using LBP and then potential 
lesions are identified. Texture feature are classified K-Means clustering technique. Yuhui Quan [6] developed a method using 
lacunarity analysis to study spatial texture patterns of medical image frames. Geometric and photometric changes wereanalyzed using 
a statistical approach based upon a variant of local binary patterns. A Aliahmadvand et.al. [7] had combined LBP with multi resolution 
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analysis. To analyze information of the spectral features, Discrete Wavelet Transform approach was used. These texture features are 
used for classification of images by support vector machine SVM classifier. It is observed that texture features extraction using LBP 
operator and image classification using SVM perform reliably well for possible bleeding detection and various abnormality detection 
in GI tract. Support vector machine is most commonly used as it provides significant accuracy in less computational work. Support 
Vector Machine, abbreviated as SVM can be used for regression as well as classification of images. But it is mainly used for 
classification purpose as being capable of recognizing and separating the pattern accurately. 

 
Among different machine learning algorithm, Support vector machine (SVM) has proven to be a successful method in image 

classification. It is a kernel-based method.   The SVM kernel is a function in which input space is lower dimensional space and output 
space is a higher dimensional space. In this way, a non-separable data is converted into separable data points. Various non-linear 
separation problem is found to be solvable by this method.  SVM is highly capable of recognizing patterns in texture features and 
classifying them in different categories. It includes some complex data transformation and classify the image dataset based on the 
labels associated. 

 
Another simple, supervised machine learning algorithm is the k-nearest neighbours (KNN) algorithm. both regression 

problems and classification problems can be used to solve with the help of KNN. It is straightforward to understand and implement, 
but becomes significantly slow as the data size in use increases and thus has a major drawback. 

 
Methodology 

In several videos of Wireless Capsule Endoscopy (WCE), the detection of possible abnormality or disease is a very time-
consuming process and tedious task for the physician. To efficiently analyse the detection of bleeding region, the present work 
contributes to identify clinically important images. The method of detection of bleeding and non-bleeding images captured by WCE 
capsule is as follows: 

 
 Pre-Processing of Image  

The Pre-processing of image is done by Median Filter.  Median Filter is used to either denoise or extract the noise from a noisy 
image. One such example is salt and pepper image. It is a nonlinear filtering method that effectually reduces unwanted noise while 
preserving the boundary edges. This filter operates on a single entry by moving one after another, by replacing the median of the 
window entry. If the entries are the odd number, it is simple to define the median. The median filter gives the best result in smoothing 
the image. Salt-and-pepper noise are also effectively removed by median filter. Thus, the noise from the image is found to be reduced 
effectively. 
  
Local Binary Pattern (LBP) 

LBP consists of structural and statistical features and it works in spatial domain of an image frame using spatial information of 
the texture. It defines a relation between gray value of each pixel and its neighboring pixel resulting in a binary pattern. These patterns 
are used to construct histogram for classification of texture features vectors.  

 
LBP operator works in the following manner. First, an image is divided into pixels and around each pixel a 3x3 block is 

created to find LBP value. Each pixel value is compared to that of its neighborhood pixel, following clockwise or anticlockwise 
direction. LBP binary code is generated by assigning the value 0 or 1 according to the center pixel value is greater or less than the 
neighbor pixel respectively. A binary string thus obtained is converted to decimal value called as feature vector.  LBP feature vectors 
for the whole image are generated which are used to construct histograms. These histograms represent distribution of LBP pattern 
which are used to classify the texture of the image.  

 
The methodology for LBP computation is simple and confined to the spatial domain of the image and relating to the 

neighbouring pixels. In the present work LBP labels are calculated as follows: 
 
WCE Input image is converted into gray scale image. A 3 x 3 neighbourhood of each pixel is formed and it is thresholded with 

the centre pixel value and binary string is formed which is converted to decimal number called as label. In this way 28 = 256 labels are 
generated. The distribution of LBP patterns characterizes the texture image and texture feature are represented by a LBP histogram. 
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Fig. 1: Computation of LBP 

 
LBP feature vector is calculated as shown in Fig.1. Each pixel is compared with its 8 neighbours in 3x3 rectangular block. If 

the value of centre pixel is greater than the neighbour’s pixel value, bit is set to 0 in LBP feature vector otherwise 1.  
LBP = ∑   s (gp – gc) *2p 

 

where, s(x) is thresholding function 

s(x) =
1, x ≥ 0
0, x < 0

 

 
gc denote the grey level of a central pixel and gp, being its pth neighbour denotes the gray value of a sampling point in 

rectangular neighbourhood of 8 sampling points. The sequence of binary number “11000011” generated represents the LBP feature 
vector. To compute the LBP feature vector in decimal code we assign a binomial weight to each bit and resulting value of central pixel 
= 11000011= 128+64+0+0+0+0+2+1= 195 is obtained. Similarly, each individual pixel in the image is taken as the center pixel and 
LBP value is calculated. 

 
 Support Vector Machine (SVM) 

In the field of machine vision and medical imaging, Support vector machine (SVM) is an exemplar.  The dominance of SVM 
is that, it gives the better accuracy. SVM is known for its unique global optimum solutions, robustness, and good generalization 
ability. For supervised learning, SVM are probably the most popular machine learning languages. Among various algorithms for 
feature classification Support Vector Machine is preferred in case of features division into two categories. SVM can be classified into 
two groups a) linear, b) non-linear. To find a separating hyperplane Support Vector Machines assist but only if one exists. It is not 
always possible to define a hyperplane in certain cases, this is because of the noise present in the data. A non-linear boundary could be 
another possible reason for that. The Fig.2 below depicts the basic SVM concept. The introduction of kernel function solves the non-
linearity in the given boundary problem. The kernel function maps the dataset to a higher dimensional space and interpret the 
classification model in better way.  

 
Among different kernel functions associated with SVM Polynomial kernel, Radial basis function kernel (RBF)/ Gaussian 

kernel are most preferred kernel function. In the present work polynomial kernel has been used for classification of the images. 
 

Polynomial kernel 
Polynomial kernel function is frequently used with support vector machines (SVMs) along with other kernel models. 

Polynomial kernel function  allows learning of non-linear models. Separability of Nonlinear regions are based upon dot products of 
feature vectors as dot product provides information about similarity of feature vectors. 

 
k(x1, x2) = (1+x1.

 x2)b     

k(x1, x2) is kernel function, b is the degree of polynomial provided by the user as tuning parameter and x1, x2 are feature vectors. 
 

Radial basis function kernel (RBF)/ Gaussian Kernel 
Radial basis function kernel or Gaussian kernel, is an approved kernel function used in diverse machine learning algorithms. 

Gaussian Function maps input feature vector from its lower dimensional space to a space of higher dimensional through a non-linear 
transformation. Non linearly separable feature vectors get linearly separated in higher dimensional space by using Gaussian kernel.  

 
  Bleeding Detection in Gastrointestinal Images   

The procedure adopted in the present work is shown below in Fig.2. The real-time images that have not been processed 
contains noise or distortion hence, the image has to be enhanced before applying the algorithm to get better performance. The goal of 
the pre-processing is to improve the image quality that helps for further processing. Pre-processing helps in reducing the complexity 
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and increases accuracy. There are many methods to clear the noise. To obtain the smooth, image median filter approach is considered.  
The method consists of feature extraction of the bleeding image frames and non-bleeding WCE image frames using LBP, and 
classification of the features extracted images using SVM (Support Vector Machine). Given WCE image, as input it undergoes a 
number of stages. The image is pre-processed using the median filter. Then the texture features are extracted using LBP. The SVM is 
applied to the texture features and then the image is classified as bleeding frame or non-bleeding frame using SVM. The model 
proposed in the present work categorises the WCE image frames into the bleeding and non-bleeding image frames. The software used 
for the classification is developed in Python programming language. The medical image data set of GI tract has been selected from  
www.gastrolab.com. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:  Block diagram of bleeding detection in GI images 
 

The non-bleeding image of human intestine has been shown in Fig.3.  The original image is converted to gray scale image of 
size 256×256 and is passed through the median filter, so that the additional noise can be removed. Fig.4 shows the output of the 3/3 
median filter which removes the unwanted noise. 

 

 
Fig 3: Original non-bleeding image of human intestine 

 
Fig 4: Pre-processed and filtered image 

WCE capsule Input 
images  

Extraction of Texture Feature 
using LBP 

Pre-processing of the image 

Support vector machine (SVM) 
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Classification of images as 
bleeding and non-bleeding 
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Then texture features of the filtered image are extracted using Local Binary Pattern. Fig.5. shows the output of LBP histogram for 
non-bleeding gray image. 
 

 
Fig. 5: Output of LBP histogram for non-bleeding image 

 
These extracted features are sent to Support Vector Machine to segregate the image as bleeding or non- bleeding. It is 

observed that image is classified correctly as non-bleeding image by SVM. In a similar manner, a non-bleeding image of human 
intestine has been taken as shown below in Fig.6  

 

 
Fig. 6: Original Bleeding image of human intestine 

 
The original image is converted to gray scale image of size 256×256 and is passed through the median filter, so that the 

additional noise can be removed. Fig.7.shows the output of the 3/3 median filter after removal of unwanted noise. 
 

 
Fig. 7: Pre-processed and filtered image 
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The filtered image is used for texture feature extraction using LBP for bleeding image in human intestine as shown below in Fig. 8. 

 
Fig. 8: Output of LBP histogram for bleeding image 

 
The extracted features obtained through LBP is sent to Support Vector Machine to classify the image as bleeding or non-

bleeding. It is observed that image is classified correctly as bleeding image by SVM. 
          
Results and Discussion 

In the present work, a method comprising local binary pattern and support vector machine has been explored for detection of 
bleeding and non -bleeding image frames of human gastrointestinal tract. The algorithm is developed using Python programming 
language. Local binary pattern encodes texture features by binarizing the difference in local neighborhood and then represents a given 
image using the histogram of the binary pattern. The local binary pattern texture features of GI tract are classified using support vector 
machine classifier. It is observed that image is classified correctly by SVM. The same LBP texture features are sent to K-nearest 
neighbor for comparison. 

 
The present work has been applied on different image frames containing bleeding and non-bleeding images of human GI 

tract. The images available from www.gastrolab.com have been used for the validation of the present work. Data set was divided into 
two parts. Training was done on 70% of the images and testing was done on 30% of the remaining images. The images containing 
bleeding were found to be predicting bleeding and the healthy images were predicted healthy by the method applied for the selected 
data set. It is found that SVM polynomial kernel performs well as compared to SVM Gaussian function kernel.  
 
Conclusion 

The present work detects bleeding and non-bleeding image frames among WCE images of the human gastro intestinal tract. 
This method combines LBP for feature extraction and SVM Polynomial kernel method for image classification. The experiments on 
the dataset reveals that the Local Binary Pattern along with polynomial kernel function shows the lowest classification error as 
compared to other methods.  
 
Future Scope 

Future exploration can be done on large datasets to analyze the texture features. The proposed method can be extended to 
detect colon cancer, ulcerative colitis, retinopathy etc. Color features may also be included while extracting the texture features 
extraction to further enhance the accuracy. Also, LBP along with SVM, in conjunction with some optimization technique can be used 
to improve the classification accuracy. 
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